Two experiments were conducted, each with 80 broiler chickens allocated to four groups of 20 birds. All diets were wheat-based and isoproteinous. In Experiment 1, the diets were prepared with or without 300 g of white lupin cv. Bardo per kg; either soya oil (diets S and SL) or tallow (diets T and TL) was added to equalize crude fat content. In Experiment 2, diets were prepared with or without 200 g lupin/kg and were supplemented either with lard (diets L and LL) or rapeseed oil (diets R and RL) to be isoenergetic. In Experiment 1, starter diets were fed between days 8 and 36, from 22 to 28 days a balance trial was performed on 8 birds from each group. In Experiment 2, starter, grower and finisher diets were fed from days 10 to 46 of life. At the end of the experiment, 12 birds from each group were slaughtered and the fatty acid composition of lipids in breast muscles, hearts and abdominal fat pads was analysed by gas chromatography.
INTRODUCTION
A high dietary ratio of n-6/n-3 polyunsaturated fatty acids (PUFA) may negatively affect many physiological functions of animals and humans and hinder the elongation of α-linolenic acid into its long-chain derivatives, crucial for normal metabolism (Leskanich and Noble, 1997; Simopoulos, 2000) . A balanced intake of both n-6 and n-3 fatty acids (FA) is essential for human health. It has been suggested that, in the human diet, it is beneficial to increase the level of n-3 PUFA to an overall consumption of n-6 to n-3 FA at a ratio below 6:1 (BNF, 1992) or even 4:1 (Simopoulos, 2000) . The FA composition of avian lipids may be modified easily to match human nutrition guidelines by appropriate manipulation of the FA composition of the diet (Leskanich and Noble, 1997; Blanch et al., 2000; Crespo and Esteve-Garcia, 2001; Nguyen et al., 2003) . The lipids of cereals commonly used in poultry diets contain little α-linolenic acid and much more linoleic acid; the ratio of n-6/n-3 PUFA is 12 in barley, 15 in wheat, 36 in oats, 52 in maize (Kamińska et al., 2001) . In animal fats used to enhance the energy concentration of poultry diets, the total amount of PUFA is relatively low and the n-6/n-3 PUFA ratio varies from 10 to 13 (Crespo and Esteve-Garcia, 2001 ). In both soya and rapeseed oils, which are commonly used in poultry diets, α-linolenic acid constitutes proportionally about 0.07-0.08 FA, but the n-6/n-3 PUFA ratio is about 8 in the former and about 2 in the latter. Nguyen et al. (2003) reported that in a broiler diet, substitution of 40 g lard/kg by double zero rapeseed oil resulted in increased deposition of n-3 FA and a respective two-fold decrease in the n-6/n-3 PUFA ratio in the edible parts of broilers.
Polish varieties of sweet white lupin contain from 310 to 370 g crude protein/ kg, including 0.8 g methionine/16 g N and 4.9 g lysine/16 g N; on average 105 g crude fat/kg DM, from 0.7 to 0.9 g Mn/kg DM, from 450 to 800 mg total alkaloids/kg (Zduńczyk et al., 1996a; Wasilewko and Buraczewska, 1999) and from 350 to 420 non-starch polysaccharides (NSP)/ kg (Gdala and Buraczewska, 1996) . While protein and fat from white lupin seeds are well digested (Alloui et al., 1994) , its NSP, composed mainly from pectic polymers, are undigested by chickens .Until now, white lupins were neglected as a source of n-3 PUFA in poultry diets. The level and proportion of n-6/n-3 PUFA is similar, while the long-chain saturated (SFA) and monoenoic FA (MUFA), including erucic acid, may be higher in the crude fat of white lupin (Roth-Maier and Kirchgessner, 1993; Zduńczyk et al., l996b) than in rapeseed oil (Nguyen et al., 2003) . It cannot be excluded, that the presence of lupin NSP in diet may affect digestibility of dietary fat. The composition of broiler lipids is a net effect of both dietary fatty acid profile and their digestibility. No information has been found in the literature on the effects of lupin seeds on FA composition of tissue lipids in broiler chickens.
The objective of the present study was to evaluate the influence of feeding diets containing white lupin seeds and different sources of supplementary fat on the FA profile of tissue lipids in broilers.
MATERIAL AND METHODS

Material and diets
Seeds of the white lupin (Lupinus albus L.) cultivar Bardo from the 1996 harvest, beef tallow, lard, commercial grade soya oil and rapeseed oil were used.
Two sets of diets based on wheat and soyabean meal, with a balanced level of protein and amino acids were prepared (Table 1 ). The diets differed in the level and source of added fat: in Experiment 1 either soya oil or tallow were used and the crude fat content of the diets was equalized; in Experiment 2, either double zero rapeseed oil or lard were used and the metabolizable energy content of diets was made similar. Diets were prepared with or without 300 g/kg (Experiment 1) or 200 g/kg (Experiment 2) of white lupin. In Experiment 1 only starter diets were used; in Experiment 2, starter, grower and finisher diets were prepared with the protein and amino acid contents adjusted to the requirements of chickens. Crude fat from lupin comprised 0.29 of total dietary fat in Experiment 1 and about 0.15 in the starter and finisher, and 0.165 in the grower diets in Experiment 2. All diets were cold pelleted on a CL-2 CPM Laboratory Pellet Mill.
Experimental procedure
In Experiment 1, 80 male ISA 215 broilers were used; in Experiment 2, 80 female Cobb 500 broilers were used. From the first day of life the birds were fed with a commercial starter diet without lupin. On day 8 (Experiment 1) or day 10 of age (Experiment 2) the birds were deprived of feed for 4 h, weighed and randomly allocated to four groups, 20 birds per group. The average initial body weight of chickens was 132 g in Experiment 1 and 212 g in Experiment 2. The birds were kept in individual cages, feed and water were supplied ad libitum. In Experiment 1 birds were fed experimental diets (Table 1 ) from days 8 to 36, in Experiment 2, they were fed starter diets from days 10 to 21, grower from days 22 to 35, and finisher diets (Table 1 ) from days 36 to 46. Feed intake and body weight of the chickens were recorded weekly. In Experiment 1 from 22 to 28 days, 8 birds from each group were fed the respective diets (Table 1) with 3 g Cr 2 O 3 /kg added on top prior to pelleting, and a balance trial was performed according to Bourdillon et al. (1990) . On day 36 (Experiment 1) 
Chemical analysis
The chemical composition of lupin seeds and excreta was determined according to AOAC (1990) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) fractions in lupin seeds were assayed with Fibertec System M (Tecator) according to Van Soest and Wine (1967) and Van Soest (1973) . NDF was assayed without sodium sulphite, both NDF and ADF were assayed with the use of α-amylase, the values were expressed without residual ash. In balance diets and excreta, crude fat was determined by diethyl ether extraction following acidification with 4 M HCl, gross energy content was determined with the use of a Parr adiabatic oxygen bomb calorimeter (KL-11), Cr 2 O 3 was analysed spectrophotometrically following wet ashing according to Hinsberg et al. (1953) . Faecal N in excreta was determined according to Ekman et al. (1949) .
Oil from lupin seeds and diets was extracted by diethyl ether. Tissues were homogenized and one gram of sample was extracted with chloroform-methanol (2:1 v/v) according to Folch et al. (1957) . The fatty acid composition in extracts was determined as described by Rotenberg and Andersen (1980) and Paterson and Amado (1997) . The fatty acid methyl esters were separated and quantified using a gas chromatography apparatus (Hewlett-Packard, model 5890 series II), equipped with an on-column injector (HP 6890), a 30 m × 0.32 mm internal diameter, 0.25 μm film thickness capillary column (HP-225), and a flame ionization detector. Helium was used as the carrier gas. Temperature and other conditions were chosen to separate FA of 10-24 in chain length. The analyses were performed in triplicate. A HP ChemStation computer program was used for chromatogram integration and quantification of the fatty acids; all FA values were expressed as weight percentage of total fatty acids.
Calculations and statistical analysis
Performance was calculated for the period from 8 to 28 days of life in Experiment 1, and 10 to 44 days in Experiment 2. In Experiment 1 the coefficient of total tract apparent digestibility (CTTAD) of protein and fat and the metabolizable energy (AME N ) of diets were calculated relative to the content of Cr 2 O 3 in diets and excreta. AME N values were corrected to zero nitrogen balance using 34.39 kJ/g N retained. Data within experiments were subjected to two-way analysis of variance (ANOVA) generated by Statgraphics® ver. 5.1. In each experiment two single degree of freedom contrasts between groups were estimated to test the hypothesis whether inclusion of lupin in the diets containing different supplementary fats had a significant effect on the fatty acid composition of the evaluated tissues.
RESULTS
The seeds of white lupin var. Bardo used in the experiments contained (in g/kg DM): crude protein, 324; crude fat, 96; crude fibre, 174; crude ash, 47; ADF, 269; NDF, 317. In lupin FA (Table 2 ) dominated MUFA (in it 1.88 g erucic acid per 100 g FA) followed by PUFA (the n-6/n-3 PUFA ratio was 2) and SFA (in it: 3.33 g of C22:0 and 0.58 g of C24:0 per 100 g FA). The FA composition of supplementary fats differed greatly (data not shown), what strongly influenced the FA composition of the respective diets ( Table 2 ). The diets based on tallow (T) and lard (L) contained more SFA and less PUFA than the diets with plant oils. The diet with soya oil (S) contained from 2 to 5 times more linoleic acid than other diets. The n-6/n-3 PUFA ratio was highest in the diet L, followed by S, T, and lowest in the diet with rapeseed oil (R). The crude fat of lupin made up 0.29 of dietary lipids in Experiment 1 and about 0.15 in Experiment 2, however, it modified the relative FA concentration in diets. In the SL diet total MUFA increased and total PUFA decreased in comparison with the S diet; in the TL diet total SFA decreased and total MUFA and PUFA increased in comparison with the T diet. Due to lupin inclusion, in all diets the n-6/n-3 PUFA ratio decreased in comparison with the respective control diets ( Table 2) .
The CTTAD of crude fat and CTTAD of crude protein in groups SL, S and TL were similar, while in group T it was significantly lower (P<0.05) than in remaining groups (Table 3 ). The CTTAD of crude fibre was from 2 to 1%. The metabolizable energy value of both diets with lupin (SL and TL) was significantly lower than the respective control diets (Table 3) .
Chickens in the TL group had worse FCR and lower BWG (P<0.05) than in the remaining groups (Table 4) . In Experiment 2, due to the higher level of added fat, the energy value of diets with lupin (LL and RL) was similar as in the respective control (L and R) diets (Table 1 ) and the performance of chickens in lupin-fed groups equaled that of the respective controls (Table 4) . in Experiment 2 fat was extracted from starter, grower and finisher diets pooled in the ratio according to the average intake (2.8 : 4.7 : 2.5, respectively) Pooled SEM 55 92 0.06 38 major sources of dietary fat: S -soya oil; SL -S and lupin; T -tallow; TL -T and lupin; L -lard; LL -L and lupin; R -rapeseed oil; RL -R and lupin a,b within experiment means within a column with no common superscripts are significantly different at P≤0.05
The FA composition of lipids in different broiler tissues was shown in Tables  5, 6 and 7. Oleic acid was the predominant fatty acid in all of the evaluated tissues in all groups, except the group fed S diet. Inclusion of lupin into the diet caused a significant increase of oleic acid and total MUFA concentration and decrease of total SFA in abdominal fat and heart lipids (P<0.01 or 0.001), while the effect was negligible in breast muscle. Linoleic acid dominated in the lipids of birds fed the S diet, inclusion of lupin into the SL diet caused a significant decrease in the concentration of this acid in abdominal fat and heart (P<0.001) and in breast (P<0.05) lipids. The concentration of long-chain n-3 PUFA in breast muscle was slightly lower in groups fed diets based on animal fats than in groups fed diets TABLE 6 Major fatty acid composition of broiler heart lipids, in % wt wt based on plant oils, and increased slightly after inclusion of lupin, but only the difference in the content of C22:6n-3 in L vs LL group was significant (P<0.01; Table 5 ). Inclusion of lupin into diets increased the concentration of α-linolenic acid (more in abdominal fat and heart than in breast lipids), while, with the exception of the SL group, did not significantly affect the concentration of linoleic acid. Due to this the n-6/n-5 PUFA ratio in groups fed the SL, TL, and LL diets decreased (P<0.05-0.001) in comparison with respective controls (Tables 5, 6 and 7). Long-chain saturated FA of 22 and 24 carbon units were not detected in measurable amounts in any of the analysed tissues, probably due to the very low dietary content and poor digestibility of SFA in broiler chickens. Erucic acid was not detected in measurable amounts in breast muscle or in abdominal fat, however minute amounts (0.14-0.21 of FA) were detected in the heart lipids of broilers fed diets with both, lupin and rapeseed oil (Tables 5, 6 and 7).
DISCUSSION
The seeds of white lupin used in the study had less protein but more fat and fibre than the same cultivar from the 1992 harvest year analysed by Alloui et al. (1994) . Its FA composition (Table 2) agrees well with the range reported in the literature for white lupins (Roth-Maier and Kirchgessner, 1993; Zduńczyk et al., 1996b) and was similar to the FA composition of double zero rapeseed oil (Nguyen et al., 2003) . In both, the ratio of n-6/n-3 PUFA was about 2, however, lupin fat had a higher content of SFA and MUFA with chains equal to or longer than 20 carbon units than the rapeseed oil.
The results of the balance study indicated, that the CTTAD of white lupin protein is not lower than soyabean meal protein, and CTTAD of white lupin fat is comparable to soya oil and higher than tallow. In our previous report it was shown, that white lupin NSP did not induce high viscosity of digesta in broilers (Mieczkowska et al., 2004) . However, the lupin diets ought to be supplemented with more fat to compensate for its lower ME. The results of the Experiment 2 agree well with conclusions of Roth-Maier and Kirchgessner (1993) and Alloui et al. (1994) , that moderate amounts of white lupin may be safely used in balanced broiler diets.
In spite of the large differences in FA composition of diets, MUFA, followed by SFA, dominated in the fat deposited in the body of all chickens with the exception of the group fed diet with soya oil. Data are in agreement with results of Ajuyah et al. (1991) , Skrivan et al. (2000) and Crespo and Esteve-Garcia (2001) and indicate, that total SFA and MUFA contents in the lipids of broiler body depends more on de novo synthesis, than on dietary lipid intake. Inclusion of lupin into the diet caused a significant increase of oleic acid and total MUFA concentration and decrease of total SFA in abdominal fat and heart lipids. High concentration of MUFA in poultry products may be beneficial to human health, as diets rich in MUFA increase the resistance of plasma LDL lipoproteins to oxidative modifications, which lowers their atherogenicity (Bonanome et al., 1992) .
The PUFA concentration and the ratio of n-6/n-3PUFA in all tissues depends to a great extent on their dietary supply, as chickens cannot synthesize de novo FA of n-6 and n-3 families (Leskanich and Noble, 1997; Crespo and Esteve-Garcia, 2001 ). In the present study concentration of PUFA longer than 18 carbon units in lipids of abdominal fat and heart was negligible, in many cases below the threshold of detection. It confirms the findings of earlier research (Crespo and Esteve-Garcia, 2001 ) that long-chain PUFA are preferentially incorporated into phospholipids of muscle lipids.
In the present study sources of added fat as well as the presence of lupin in diets had a stronger effect on fatty acid composition of abdominal fat and heart than on breast lipids. Long-chain saturated FA of C22 and C24 as well as erucic acid were not detected in measurable amounts in analysed tissues, with exception of the last one in the heart of broilers fed diets with both, lupin and rapeseed oil. Due to inclusion of lupin into diet the n-6/n-3 PUFA ratio in broiler tissues decreased in comparison with respective controls. A balanced intake of both n-6 and n-3 FA is essential for the health of humans. The use of white lupin seeds in poultry feeds may lead to improvement of the dietetic value of poultry meat.
CONCLUSIONS
Moderate levels of white lupin may be used as a source of α-linolenic acid in balanced broiler diets. Lupin-containing diets may positively modify the fatty acid composition of broiler chicken tissues and health attributes of broiler meat.
